Composite sandwich structures offers several advantages over conventional structural materials such as lightweight, high bending and torsional stiffness, superior thermal insulation and excellent acoustic damping. In the aerospace industry, sandwich composites are commonly manufactured using the autoclave process which is associated with high operating cost. Out-of-autoclave (OOA) manufacturing has been shown to be capable of producing low cost and high performance composites. In this paper we present results of experimental testing of various sandwich materials according various standards and actual requirements in transport industry. We compared the different types of surface and paint systems, because these layers are the most important in contact with the surrounding environment and load conditions. In the experimental measurements were used various materials. For the core of the sandwich structure were selected aluminium honeycomb, aramid honeycomb and PET (Polyethylene terephthalate) foam core. Support layers were chosen two kinds of predimpregnated materials. The conditions of measurements were requirements for strength and rigidity, safety -flame resistance and reflectivity resistance. The samples were tested at the 3 -point bending test according to standard EN ISO 178, by modified test to determine the force required to rapture threaded insert, by test of reflectivity according to UIC CODE 844-4 R and according to standard EN 45545-2 fire protection of railway vehicles.
Out-of autoclave technology
The majority of high performance composite structures are manufactured in autoclaves. Autoclave processing of composites uses primarily pre-impregnated unidirectional fibers or fabrics (prepregs) that are cured at 180°C and consolidated with 6 atm of pressure, usually. A large database of design allowable for autoclave prepregs is available and accessible to product designers. This well-established process requires high infrastructure investment for autoclaves as well as high recurring tooling costs. The maximum component size is limited by the size of available autoclaves. Alternative processing methods need to be investigated in order to reduce production costs and broaden the supply base of composite structures. This presentation addresses the application of a relatively new class of composite materials using out-of-autoclave (OOA) technologies. The advantages of OOA processes include substantially lower infrastructure, tooling, and overall manufacturing costs. [1] [2] For OOA technologies using predimpregated materials (pre-preg) belong to curing of prepregs in oven and PCM (Prepreg Compression Moulding).
Fire resistance
In case of fire, the composite is protected by foam formation, which is isolated from oxygen. To be absolutely halogen-free, smoke toxicity and opacity is dramatically reduced. Fire resistance in the railway industry defines standard EN 45545-2 Fire protection of railway vehicles. The standard specifies reaction to fire-intensive materials and products used in rail vehicles. It is based on existing fire safety regulations for rail vehicles in the International Union of Railways and various European countries. Each state has its own testing methods that are adapted to local conditions and customs. Individual test methods cannot be compared together, slow down the adjustment process. [3] [4] For each product is determined by the specific requirements set by standards -R: 
Tested samples
The samples were made in the form of flat plates by hand-laying pre-preg technology and subsequent curing in the oven. The technology is more suitable for piece production. Used materials for the production of sandwich panels:
x Pre-preg 1 -Fiber-reinforced, thermosetting pre-impregnated material with excellent FST and mechanical properties. It is halogen free modified phenolic system with 42% phenolic resin. Fabric of E-glass Yarn, 300g/m2, 8H satin weave. x Pre-preg 2 -Fibrous-reinforced thermosetting pre-impregnated material with excellent FST and mechanical properties. It is a halogen-free phenolic system with 47% phenolic resins. Fabric of E-glass Yarn, 300g/m2, 8H satin weave. It is highly adhesive to aluminium. 
Description of samples
Sample 2A Consisting of Aramid honeycomb and 2 layers of prepreg on each side -referred to as 2A The samples referred to as 2B, 3B and 4B are the same composition like samples referred 2A, 3A and 4A, but instead of Aramid honeycomb is like a core material used polymer foam.
The samples referred to as 2C, 3C and 4C are the same composition like samples referred 2A, 3A and 4 A, but instead of Aramid honeycomb is like a core materials used aluminium honeycomb.
Experimental testing of mechanical and FST properties 4.1 Three-point bending test 5
The test was carried out on Zwick 1456 according to ČSN EN ISO 178. The test samples were tested at room temperature 23 ° C. Sample sizes were determined at 100x20 mm. 
The best fit in the bending test a Type C samples with an aluminium honeycomb core. The largest modulus of elasticity was measured 1860 MPa for the C sample with 3x3 prepreg layers. On the contrary, the most severe modulus of elasticity resembled Type B samples with a foam core. Throughout the course of the test, the malfunctions were also recorded, which in most cases were of a generic nature and most often caused a violation of the cohesiveness between the core and the outer layer.
The highest value of the strength limit was 29.7 MPa for C type samples. Again, it turned out that the best type of core is the aluminum honeycomb, which shows the best results of the strength of all the samples tested. Worst results were obtained with the Aramid honeycomb sample A, which reached the minimum strength limits, the lowest strength was measured in a type A sample with 2x2 layers of pre-preg, namely 3.21 MPa. The most suitable materials are C-samples with aluminum honeycomb. In both cases, as with the strength limit or the modulus of elasticity, it comes out with the highest values.
Cone calorimeter
Samples of sandwich composite structures with two different painting systems. The size of the samples used for the conical calorimeter test were in accordance with the requirements of the technical standards ISO 5660-1 and ISO 5660-2. Samples were conditioned prior to the test according to ISO 5660-1.
Painting systems
Painting system 1 -consists of a filler and a top coat 1. Filler -It is a two-component, high-particle polyurethane based filling material. It has high chemical and mechanical resistance. 2. Top layer -This is a two-component polyurethane-based structural varnish with antigraffiti properties. It is possible to create single-layer smooth or scarred (Nar-ben) surfaces and two-layer pearl structural effects. Cured film is abrasion-resistant, scratch-free, repellent, and easy to clean. Painting system 2 -contains filler and top coat. 1. Filler -is a two-component polyurethane spray anti-corrosion filler for the creation of a high quality substrate under the top layer. Depending on the degree of dilution, either thick layers can be created to fill rough surface roughness, or thin, highly rigid and even layers. . The orientation of the samples during the test was horizontally. The maximum average heat release rate is a basic feature that highlights the fire risk of the material. Initiation time and Maximum Average Rate of Heat Emission (Marhe).
All samples tested showed a maximum average heat release rate of less than 40 kW m -2 within 20 s of the test. During the entire test duration, the Marhe value was less than 90 kW m -2 , only the samples 2C, 4A, 4C for the coating system 1, and for the samples were 2A, 2C, 4A and 4C. The data on the maximum average heat release rate, the time-dependent rate of heat release, the total amount of released heat, and the specific CO release rate depend on the atmospheric pressure at which they were determined, with the increasing altitude decreasing both the maximum and average heat release rates. The nature of the samples also results in the high sensitivity of the data obtained from the way they are stored in the holder. In the case of insufficient mineral wool support in the holder, the tilt can occur during the test and subsequent very rapid burning of the filling part of the samples examined. Significant impact on the data obtained also has the side of the sample from which it is subjected to thermal radiation during the test. It is possible to see how the individual test results differ significantly, due to the different material composition and non-homogeneity of the materials in the samples. All samples were tested according to EN 45545-2. It was mainly about finding out whether the tested materials met the HL2 category and had to move between 60-90 [kWm -2 ] . In order to be used in most design categories. We evaluated two coating systems for samples 2A, 2B, 2C and 4A, 4B, 4C. We focused on the maximum average heat release rate called Marhe [kWm -2 ] and thus even meet the higher HL3 category. Better results were obtained with the sample system 2, which had lower values than system 1.
Results
Research paper serves as a basis for the development of a new structure of the sandwich structure, which could start to be applied in the railway industry produced by OOA technology.
Various types of surface and coating systems were compared. Different materials were used for experimental measurements. For the core of the sandwich structure, aluminium honeycombs, Aramid honeycombs, and a foam polymeric PET core were selected, and on the outer layers 2 types of pre-pregs.
Based on requirements for strength and stiffness, safety self-extinguishing, wear resistance, samples were tested for 3-point bending according to EN ISO 178 standard, modified test to determine the force required to pull the thread insert, UIC CODE 844 -4 R and according to the standard ČSN EN 45545 -2 fire protection of railway vehicles, the cone calorimeter test according to ISO 5660-1 was selected.
In all tests, the samples with the foam core have the lowest values and have not met either standard requirement.
The solution is to use a different type of foam with better mechanical properties or to adjust the number of individual pre-preg layers that can be replaced by other types of prepregs. Sandwich structures with a foam core are very easily mouldable and can also produce very complex products. [7] For samples with Aramid honeycomb, variable results were obtained for all tests. In the bending test, they reached the lowest values of all tested materials. Self-extinguishing samples matched, except for one that had only two layers of pre-preg. For wear resistance the best result was achieved by sample 4A, but it didn't meet the requirements of the standard. The next proposal is to change the honeycomb, to another with a higher cell density, thereby increasing strength and stiffness.
The highest and best values were obtained with aluminium honeycomb samples. In the bending test, they reached up to several times the strength and modulus of flexural strength compared to the paper and foam core samples. They achieved a conical calorimeter evaluation all samples of very good results and meet the HL2 category. Quadruple samples also met the HL3 category.
Appropriate combinations of materials that would already meet all requirements for the railway industry must be further developed and tested. The resulting product must have sufficient strength and stiffness, safety, functionality, wear resistance, but a very important condition is also the low weight.
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